We constructed all inequivalent Hadamard matrices with Hall sets of order 28 and classified by K-matrices associated with Hadamard matrices except five matrices in our earlier work (Kimura, 1988 ) (see also Kimura, to appear; Kimura and Ohmori, 1987) . In this paper we prove that Hadamard matrices with the trivial K-matrix are equivalent to the Paley matrix defined by the squares in GF (27). By this theorem we get a complete classification of Hadamard matrices of order 28 and we have inequivalent Hadamard matrices of order 28.
Introduction
A Hadamard matrix H of order n is an n x n matrix of l's and -l's with HHT = rd. It is well known that n is necessarily 1,2 or a multiple of four. We say that two matrices M, and M2 of same size are equivalent if there exists a signed permutation g of rows and columns of M, with Mgl = M,. Of course a matrix which is equivalent to a Hadamard matrix is also a Hadamard matrix. A Hadamard matrix is normalized in this paper if its last row and column consist entirely of 1's. The equivalence classes of Hadamard matrices of order 624 have been determined by Hall [l, 21 , Ito et al. [4] and the author [7] . There are many results about Hadamard matrices of order 28, for example, see [S, 6,9,11,12] .
In particular there exist exactly 486 inequivalent matrices of order 28 with Hall sets and only five matrices in [6] have same K-matrix. For definition of K-matrices associated with Hadamard matrices, see [6] or [9] .
It is well known that the Paley matrix defined by the squares in GF (27) has no Hall set and therefore the trivial K-matrix. In this paper we prove that Hadamard matrices of order 28 with the trivial K-matrix (that is, with no Hall set) are equivalent to the Paley matrix. In this paper we assume all Hadamard matrices have no Hall set.
2.
Properties of H in the case n = 28 (= 8k + 4)
Let H be a Hadamard matrix of order n = 8k + 4 (k = 3) which is normalized. We say that a Hadamard matrix has a Hall set, or is of Hall type if it has a submatrix which is Remark. Proposition 2.1 is true for k > 3.
Let the following matrix be a submatrix of H: 0, 0,0,3,3,3,4),   (O,O, 0,2,4,2,2,3),   (090, 1,1,3,3,2,3 ) O, 2,0,2,4,2,3),  (O,O, 2,2,3,3,1,2 (1,0,1,0,2,3,2,4),
(1,0, 1,2,3,2,1,3), 0,2,1,2,3,1,3) (1,1,0,0,2,2,3,4) (1,1,0,2,3,1,2,3),  (1,1,1,1,2,2,2,3) (1,1,2,0,1,3,2,3), (1,1,2,2,2,2,1,2),  (1,2,0,1,2,1,3,3) (1,2,1,0,1,2,3,3)* (1,2,1,2,2,1,2,2),  (1,2,2,1,1,2,2,2) (r-Ls,t,u,u,w,x,y)
We say that a row of H satisfying the above ith solution is of type i. Let Q be the set of types of rows, i.e. 52 = { 1, . . . , 27). We consider a subgroup of the permutation group on {H] which naturally acts on Q. Next two propositions are easily proved. 
t1,=5-t
10-tll--13-t14-f24-t2S-t26-t27, tg=5-to-t*--13-t14-t1s-t22-t23-t27,
ts=5-t2-t,-t
11-t14-t17-t20-t23-t26. Let r be the set of all C. Then the group (S,,S,) of order 48 acts on r. For our purpose we consider an orbit representatives of (S,,S,). By a computer calculation we have an orbit representatives consisting of 13 solutions.
